PATENT 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
EXPRESS MAIL NO. EV351235555US 



Applicant 
Application No. 
Filed 
Title 



GrpVDiv. 
Examiner 

Docket No. 



Dong-Yong Shin, et al. 
N/A 

February 10, 2004 

BUFFER CIRCUIT AND ACTIVE MATRIX DISPLAY USING THE 
SAME 



N/A 
N/A 



51488/DBP/Y35 



LETTER FORWARDING CERTIFIED 
PRIORITY DOCUMENT 



Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Commissioner: 



PostOffice Box 7068 
Pasadena, CA 91109-7068 
February 10, 2004 



Enclosed is a certified copy of Korean Patent Application No. 2003-0011418, which was 
filed on February 24, 2003, the priority of which is claimed in the above-identified application. 

Respectfully submitted, 

CHRISTIE, PARKER & HALE, LLP 



DBP/aam 

Enclosure: Certified copy of patent application 



D. Bruce Prout 
Reg. No. 20,958 
626/795-9900 



AAM PAS549807.1-*-02/10/04 1:49 PM 



This is, to certify that the following application annexed hereto 
is a true copy from the records of the Korean Intellectual 
Property Office. 



m m a s 

Application Number 



10-2003-0011418 



Date of Application 



2003^ 02H 24SJ 
FEB 24, 2003 



Applicant(s) 




^^oii^aohoi ^siai- 

SAMSUNG SDI CO. , LTD. 



2003 



11 



13 



20030011418 2003/11/19 

[A1WS1 ^ ^ S Si AH 

[gjyi] 0002 
[HIS^JH 2003.02.24 

[^S£l SSI Wffl SIS ^ 0IS 01 g& ™EIS OHM^ SAI Sxi 

[arasi s^ssi buffer circuit and active matrix display device using the 

SAME 

[*8!£!] 

[ss] ^^oii^aohoi ^siai- 

[SS!eJ2H] 1-1998-001805-8 
[CHEieJ] 

[CH£|oi3H] . 9-2001-100003-6 

[XISSfflBIAH Ol^gJ 

[Sa^U^SS] 2001-041982-6 

I£S£| S^S^I] SHI N, DONG Y0NG 

[^ej^^^s] 751209-1057410 

151-051 

AHS^^AI B^\=? 969-37 
[^] KR 

[gssi ^S2i] sag 

[SS^ S?5}|] CHUNG , B0 Y0NG 

[^2J^^S] 740521-1019638 

138-810 

AHg^^AI &m=? J[^2E 173- 19s 
[^3] KR 
[^AhS^] §^ 



37-1 



^1 



0030011418 Si* mX\: 2003/11/19 

[^IgfSIS] 20 2 29,000 9 

[3fdsas] 19 a 19,000 si 

[°^!3?§S] 0 2d 0 Si 

[£JA>8^S] 19 S- 717,000 S 

765,000 S! 

[S¥AHW1 1. fie* AH- S All AH )_1S 



37-2 



ID200300 11418 QA'- 2003/11/19 

^BKINV 2 -INV 4 )^ AA «W ^(VDD)-4 S-f BfllS^ ^(VSS) ^ojofl 

^ PMOS H^^l^Bi[(Mi, M 2 ), (M 3 , M 4 ), (M 5> M 6 )]«- , ^ 

^ltHEi(INV 2 -INV 4 )^ #^(V 0Ut2) V out3 , V out )^.S °H, <^(V in )°l *H efl^ol^ 

H^^liBi(M 5 , M 6 )7> 4^ ^ fLS-H^M »^ #^(V out )^ VDDS ^4. HE] 

<H ^^o} VSSS. ^rf. 

S. 3 
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tt)3] S)S ^ °1 -§-*}- 0 -^-* °HB^i S.*\ {BUFFER CIRCUIT AND ACTIVE MATRIX 

DISPLAY DEVICE USING THE SAME} 

£ 1-8: ^efl 7l#ofl Oj-S. h^3e) 5)3.0] 7ll^o] 3 3.£ol l} . 

£ 4a £ 4d^r ^ ^a^H ^ o}3] 3)5LSl ^^^ 7 ] 

£ 12^ ^7 ^ ^8 ^aH<*| cfs 5)3.2) ^ Bfolnicolcf. 

[^o) 7l#^-o> ^ ^ ^o) ^5fl7l^] 

<8> 3)3. ^ o]^. o]-g-*]- ofl^jd nflE5]A ^1 

<9> on^ti. DflEgJA ^ A ) ^1-^, o)n)*) aV^) Dfls-el #*HH ^> ^-^-*> 

71 A)nH£ S)3.l4 W}3) 3)3.7)- A}-g-S}t)-. A) HE E^^E) 5)3.7} 
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-^Kload)^ 371, Jj-lyl ^\^X\^7\ €■ 31*1^1 33.5+ AHofl 

£7} ^6>^ ^ olcf. ZLHd^l, Jf*>«Sl EL7H1 ^ 5]S7> 7^ ^ -f Jr}^ <y ^ 

<io> n)-^ ^al^ o_S. B^ 3)5^ £ 1<H1 M-B)-\H ^-o] 4^ OltHEi7> 

tg^sq^, 333. <a«lEH ^«fl ^ir^l a7]7f 3*1-5. ^7>£|ol ^5L# 

<n> 5L 21- ^sflo] ^ j^ofl tfl^ ^Hl*>7ll -a^th 

<12> £ 2 °fl M-Ej-'fl W>^- ^1, ^2fl£) H}^ 2lS^ 27fl^l ^B^} ^1 ^ A 

^ltHB^ ^ 7flS1 PMOS H31*l^[(Mi, M 2 ), (M 3 , M 4 )]S ol^^^lcf. B33*liB|(Mi, M 3 )^ 
*}°1 31^2} ^«a-(VDD)^r ^*Rr ^^Ji S^1^BKM 2 , M 4 )^ ^efl<?]^ 5 

eljl H^^liEKM 2 , M 4 )^ TlMHSJ- ^efloioi o^, ^ <?t^H oicf. HLfh 

*l^B|(M 3 )£l = efl^iJ^ H€^1^eKM 4 )51 ±^ *\S. <&%£{JL ^^ol b^ s}S^ 
#^(V 0Ut )^.S ^tf. 

<13> olnfl, B^^l^E-l(Mi)^ TflolB^l <y^S|fe ^l^(V in )7> «H sfl^o] %Jf- 3^1^(M 2 

HI ^*fl H^fl^l^Ei(M 3 )^l TflolH 2n.E.±f B*ffl*liE-l(M3)±r €£r€l=k 4 

bH alsl j^o} *^( Vout ) ^ B€^l^Ei(M 3 , M 4 )^l ^r^^-uHl VDDiLcJ- ^ 
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^i^S. =LB\3L H^^l^Ei(M 3( M 4 )7> ig^sH SIBILS- m^l^CMg, 

M 4 )l- -f-*H 33 ^(static current)7> Ji^7ll ±.v] *m°] 3Lcf. 

<i4> H^^l^EiCM!)^ TllolHofl ^13l(V in )7> S-f efl^o] 3 o. h^^I^bKMx, M 2 ) 

i^-TflolE ^og-ol ^o}^ 37l 7> ojnfl, #^ #<y-(V out 

H VSS+IV T H4l(V T H4^ B^^liEi(M 4 )^ ^ ^<g-)o.s. s)^ ^a] £^7} ^-els. 
H^^liEi(M 4 )^ €-2- = ^"Efls s]<H #a3 ^°0-(V out )^ VSS+|V TH4 IS. ^3^14. ZLSlJl B 
^^l^EiCMi, M 2 )7> ^Ajoll l^sH OIOJELS H^^l^Ei(M lt M 2 )» -f-^H 33 ^fM- 

H€3^^(M 4 )^ *fl^ s.^- 3711 *Mo) t>4. nficfl, H€^1^^(M 4 )^ *fl^ ^ 
°] H^H^liBKM 4 )^ £ T^J-ol #oll-ol ^3] sjS.^ *>ol efl»g #^o] ^o[7l£S, 

H^^l^Ei(M 3 )^ *fl>t ^ 3711 *H 6 > ^-4. 

<ie> o}$\. Qo] s. 2^1 M-b(-^ u)9| Sj3°IMfe «H efl if VDDJ&L4 sj-ol S-f eflHO # 

3°1 VSS^q- H^Hr €-*fl3°l S£* f <a§M s:>ol efl^o] ^-fofl^ - g^j ^ o]h1 

5.711 €4. ^1, S)S^1 -T- ^ <EH1 * =^ 33 Sl-fJ-fe ^-^l 3£S 

T^cKr ^^13 0 1 $14. 
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33-3- #U ^ €*Rr ^<y-8r ^ 5£tt »H s\s.m Xl^Kr 3°14. 

<19> t^o] ^ ^jofl tf^ 5\sL±- efl^o] ^ ^1 

jzf xll eflifaz}- tiVcfls]^ X|2 efl^^l XI 2 *#*Rr XI 2 ^s)^, XU ifl*l 

XI 6 B^^li^t Xll B^fl^l^B^ Xll ^4 XU it= a}o)o\] ^7)^ 0.^. <£;g 

S]^ XMH^fl Xll ^!JL7> <g^S)al, X|2 H^l^fe X| 1 t£i2} XI 2 ^ *>°H ^7l^O. 

S XMB<i XI 1 ^1Jl4 i&cflslfe- elft 7f7]b XI 2 ^1^7> <a«^4. XI 3 H^*l 

XI 1 lc=afl XMB7> ^7l^ X]l ^4 XI 2 i^El A>o]oll ^7l^O.S <£ 

^.5)51, X]4 H^^l^B^ XI 2 ^-EL4 XI 2 ^H°ti #7l3°_S XMB^fl XI 1 *I 

^7> <^sl4. XI 5 S^liElb XI 2 ii-E.Xl XMH7> ^7l^^S XI 1 ^4 #^ 

1$ Afolofl ^71^ o.s ^^4. XI 6 B^^l^B^ XI 1 t^Xl XMH7> #713 
#^#4 XI 2 ^ 4 6 li ^7l^ O.S. "S^ji, Xl<XH4 *H°ll Ti^l^ ^«-o] 

<20> ol ^2 ^IJL-fr S3^^"°> XI 1 ^IJLl- XI 1 ^]JL7> #^Tr XI 3 2r: 

i=7> XI 1 B^l^E^ Xl^lHXl ^7j^o.S ^slfe ^jtHEil- 4 i^rKr ?A 0 ) «>^*>4. 
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<21> olufl, oltHE^ X|l X|3 ir-= A\o)6]} #7}?$0_3- XMBXl XI 2 ^JL7} 

<g^3fe X|7 H 31*1 4o]^.= <£^£H &_°iX XI 3 XI 2 *H°fl ^71 

3 o.s XI 8 °1-^<X^ ^ ojcf. XI 1 ^4 XI 3 icJ= 

A>o]ofl ^7|^S Tfl^lSi XI 2 ^Jl7> ^^5]^ XI 7 B^l^i, XI 3 lcJE.<4 XI 2 

A\o}6\] ^7l^ O.S XMB^ XI 3 lc = A}o]ofl 7\*j[X\^\±. ^«-o] t§ ^ £| ^ 

XI 8 B^l^ , zlsIji cfo] o^j= XI 8 B?1X^21 XHB^l- XI 2 #31 a>o] 

XI #713 o.B ^^l^ XI 9 B^l^iB o]s.cX^ ^ $icf. 
<22> o] SjSfe #^^:X1 XHB7} ^^£|iX XI 5 B€*l^l^ XHB^ XI 2 *}°] 

XI #7l3BB <a^s]^ B€*l^» tX ^ 5E^ tH^ S|s^ #^#X1 Xl<XB 

7> <£^S)v] XI 3 H^l^E^ XI 4 B^*l^ A\o]d\] #7}2\SLS. ^slfe B3M^3» 

b% v § 4 1 sa^f . tfisx 5)Stt xi i #^:x xi 3 H^a^i^B^ xmb *i-°h ^i^i^^ 

<£^£M XHBXl Xll ^]Jl7} ^^s]^ B^*1^1, zz.e):n Xl3 B^l^^l XMBS}- XI 2 
A>o]xi #7l3BB XHBXl XI 2 ^1S7> <g^sqfe- B^I^IS ci B^ ^ 

<23> ol ^3] s}3.^r, XI 2 <J^7l- XHBXl Xll #-&4 Xll B^l^iX^ XHBXl 

?l7l^l <?l^£l^r B^H*!^ , ZLBlJl XU XHBXl <^ =H Xll B^l^^l X| 

0IBS+ X] 2 #€ ^°H1 #713 o.S ^^tt H^M^* xi\ ^ 

<24> oiX) ; TiXHH^ ^ ^ ^<X£ xi 6 B^H^s] 7l^ TiXH^ ^£-Xl ^1 

*fl ^ A J^7lu|-, XI 6 B^H^I^l Xl^lBsq- a}o]x1 <g^^ =XXHEW ^*ll ^^tt 
3J°1 «>^*W. 
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<25> ZL^J! vflxl ^16 H^l^Ei^r PMOS H^^l^E^o]^ ^ i ^ *fl2 efl^ z}-z|- 

^ ^l^^l^q-, # 7 j XU ufl*l Xl6 H^I^e^ NMOS H^l^eM^ ^ *fl 2 efl^ 

<26> Mj-t^o) i=L ^ ^^o\) tf^ 5)5^, XU Efl^ ^ 1 ^<a-i; ^SKr ^ 

s\- gfl^ ti_Vc}]sl^ A2 X]2 ^SRr Xl2 ^*fl , X]l ^ 

Xl2 H^^liE^ ^ 2] 5.1- S^-^. XU H^H^iE^ ajU A>ol<Hl ^71^ 

AS Xl2 H^l^E^ 7\)2 a}°H ^7l^ °.S 7\]°}^ # 

^ ^H^l ^sflAjEii ^*-o) ?g^s\o] oicf. ^ s]S^r Xl2 H^^I^e^ ;HH;e 

^- Xl2 *i^Hl A>o]ofl ^7]^^S XHH°fl ^ll ^5.7} <ims)^ Xl3 S^l^Ei! 

XU ^ XI 2 H€*1^e1» °1 ^ slsfe XU ^]S7> XU ell^o] 

^ XU H^^l^Eil- Ed^A] 7li Xl2 E^li E ^ t ^o^l^t}-. *fli a]s7V X]2 efl*ttl ^ 

-M, ^ slS^r H^^l^E^ ^^A]^ Tl^Al^i ^^-ofl ^ojvg- ^^j. S^fl 

^1^E|7} ^HiB^ ^^S>£^- Xl2 H^l^E^ TflolB !-S.^Al7lJl XI 1 

Ei» ^^Al^lcf. 

<27> o]nfl ; ^ £]S^ ^^jq. ^ JE^^o] 7fl o] E Afo] ofl ^^O.^. 

XU ^1^7]- XU efl^"?! ^14 H^^l^Ei , ZL^JL XU H^l^E^ TllolH^ 

XI 2 Al-olofl ^l^ilS XU ^JJl7}- Xl2 efl^<y ^-^ofl b]^^^ X15 H€*l^Ei 

2] SI- 4^ 7fl If^b DflE^A S a] ^7> XI ^-^Cf. o] ojjB| y. nflJE^ 

&Z\1= tH^ soil z]-z]- ^ a]^-- ^frj-b a] 5: -^^-w-^ S a1 4^^. 
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i^-tbcf. &X\ 4^^- -a^o] t^s) ^zj-SH XI 1 ^ AA 

^ 4^oj ^ Ajjr^, ^1 Als^d^l *112 ^ ^IJll- ^^H^ Xl2 

AlJl^i, HSlZI XU ^ Xl2 ^IS^H AA $.7]^°.3, <^^£lcv| ^ ^ AjJ^] cqsfl 

<29> £ <4^-^ ^111 ^ Xl2 B^l^&|<4 ^ S|St SE^Vb ^-H 

iH^ 2l^7> Xl^^. XU H^^l^El^r XU ^}°H1 ^I^IS. Jl, 

Xl2 H^^l^iB^ #^^4 *fl2 ^% A>olofl ^7l^O.S TflolH^ ^}<>H 

2flAl^^ ^£-o] ^^cK ^ <5\sL^ Aj3_ «>tfl£l^ tm-Br 7}*\tt Xl 1 ^ XI 2 ^Jl* 

^1*>^, XI 1 Ail;} *m efl^o] ^-fofl *fli ^ ^12 B^^l^Ell- AA S3 = 
XI 1 ^lS7> XI 1 eflli^ X12 eflfe w}^ 3-*MI, ^ XI 2 H^l^^ XHH<i 

XI 2 eflt^l <?17>*>^ ^3flAl^^ ^^ofl ^ovo. ^#*Rt #X1, XI 2 B^l^S] Tflo] 

B #5.^ a] ^rXl, zlsIjl XU B^^l^Ell- b}o_sX|^ XI 2 H^l^» ^Bi 

<so> o>efloflA-l^ cTgo. %VJ1S ^ £ mJ-^<£| ^aHHI tfl^H -g- ^Rr 71 

•& l^^r ^3 7}X ^-Ol^j- ^Bfl^ ^ 5£CM^ C^7H1^ ^ ^ *>fe ^^H^fl ^§3*1 

<31> £^ofl^ M. ^ o. cg^7|] ^^^r>7l ^Xl&^cr ^^*>^^". ^ 

>HH #X1» ^-^1 tfl*IMfe £^ «-Jil- -ir^cf. Jf^l 

4i^>« 4°H ^^sl^X 91 $r ^^-s. S.^A. 
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<32> o]*\] yv^o] ^X)d\)6\] SIS ^ oji- oj-g-^V ig^- a X| ^lofl cfl^H 51^ 

<33> ^ £ 3 ifl^ 4dl- £ ^H 6 !! ^ SjS.oH cfl*}cr| ^ ^ ^ 

PM0S B^^1^e^(m 1( M 3 , M 5 )sJ- S-f efl>|2] ^(VSS)^: ^^Rr ^efl^^l ^ 

^ PM0S B«^Ei(M 2 , M 4) M 6 )# i^-t!-^-. B^^^Ei(M 1; M 3 , M 5 )^ ^eflo]^ H^^li 
e-KM 2> M 4> M 6 )^ ±ib 91—^ , 3 ^ •ywlEKl^, INV 3> INV 4 ) 

^ *^(V ou t2, V out3> V out )°l ^cf. zl^ji o]alEi(iNV4)^ *^(V out )ol $\5L°] 

^E-KC!)^ H^^liEi(M 6 )^ 7]^ T^Al^L} «- 7 > 7] ^1 E] SE^r Ojs.^ 

<35> s\sLo) 01^ ^<y-(V in )^ ^ltHEKlNVi)2f B^^^Ei(M 2 )^l TllolBofl <^£M, 0} 

^E-l(lNVi)^ #3 ^(W)^ B^^l^EKMi, M 4 )^ 7jlo]H^ ^^t}. «ywlEKlNV2)^ 
#3 #<y-(V out2 )^ B«^eKM 3 , M 6 )S] 7flo]H*11 SJ^sU °J^Ei(lNV 3 )^ #^ ^°0-(V out3 ) 
£r B^^l^Ei(M 5 )^ TflolH^l ^^€4. H^^. ^ S]^.^ ^(Vjn)^ §>o] efl ^ ^ 

B-f 3]^ zj-z}- VDD ^ VSSS *V4. 

<36> c^g-, £ 4a ^H*l 5. 4d* ^3 ^Al^cfl 14^. 3B£| -§-*H 
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<37> t^^ ( E 4a^l M-El-^ ^1 <y^(V in )o] S}oj efl^^. sjTg ^l^EidNVi)^ 

#3(V 0U ti) 0 l ^ efl^S s\°] H€*]^3(Mi, M 4 ) 7> ^i-^slji e ^^ej (M 2 )fe ^J2-H€ 
cf. ^(VDDH ^*fl B^^^Ei(M!)^ =eflo] ^<a-(V out2 )°l s|oj 

*l^Ei(M 3> Me) 7} i£^HE]JL, #<y-(VSSHl ^*fl H^l^Ei(M 4 )^ ±^ #<a-(V out3 )°l S.^- 

(M 6 )7> ^3*) J^S.^ #^(V out )£: VDD^l €-^>cf. 

<38> tf-g-, <a^(V in )ol S-f efllS 5)^ £L 4b<*fl ^Ef«a £oJ e^^^eKM 2 )^ 

<39> 5. 4c* SL#, *}°) efl^^l #^(V out i)<Hl ^l*fl B^^1^e^(m 1( M 4 )7|- H£.B€^- 

. €£r€ H^liEi(M 2 Hl 3*H H^^1^EKM 3 , M 6 )2] TfiojH ^ o d-(V 0U t 2 )^r 

VSS+|V TH2 I(Vth 2 ^ H^^l^Ei(M 2 )^ &<&v\x] zle]jl H^1^BKM 3> 

M 6 )^ 7]]o}^ ^<a-(V 0ut2 ) o l VSS+ 1 V TH2 1 °1*>S 3^ H^l^eKlfeHr mSL^s\JL 

i^(M 3) Me) fe- ^€4. °H. 7S2flA)Ei(Ci)^ f^sq^ ^ H€^liBi(M 6 )^ ^i- 

>H°1H "VDD-(VSS+ |V TH2 D" ol^S. H^JI H^I^CMl M 2 )7> ^H^H 

XIAHS H^^liEKMe)^ TllolH #sL^£H Tl^AlE-Kd)^^ ^?A& #<S°) Tfl^r 

< 40 > cf-g-, £ 4<H M-E^vfl «>sf £oJ zj-zj- ^ B^li5](M3, M 4 H] ^*fl HSH 

^1^E-1(M 3 )^ = e^o] ^<y.c. ^ B ^^^ Eq(M5)7] . ^^s^tq. n}.^ 

B.&x]^b)(m 6 )°\) ^*fl B^^l^Ei(M 6 ) ^ ^ ^°g-(V out )^ 3llS5. ^^T}. °H , 
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)fe -r-H^H^ (bootstrap)^] °i ^ 33.^ #^ *l<y-(V out )°l S-f eflt^ *}<y-(VSS)7 r 

<41> ^-t^oj ^Aloflofl 9]is}T£ t <ytf|B^(INV2, INV 3 , INV 4 )# o]^-^ ^ H^l^Ep} 

^Alofl i^S)^ ^^7> &°.E-3. <y^Ei(lNV 2 , INV 3> INV 4 )*IMfe 33 SHHstatic 
current )7> #feth 4^1 33 Sl^MI 3tr 4i5L *d^# ^ 5^. zl^jt u] 

s] S]S<H1 *r°l ellt^l ^tKVDD) 0 ] °fl MS. *H 3HS2] ^(WD)SL^ £]JI, S-f 

#^(V in , Vout)°l S--T- ^^(VDD, VSS)J15. s)^ efl^-^-efl^ (rail-to-rail) 

^^>h.s, ^ ^<a-i- #^<h ^ 014. 

<42> 0>sfloflA^ J£ 5 ifl^ 5. 14* #2:*H ^HHl »1 5*1 3]S.<HM 

(INVi)^ s]s ^s^H <?1^eKINVi)^ Jls^ ^3 #°1t1i4 ^ofl^ ^aHH 

< 43 > £ 5 vfl^l £ 10^ ^S^M *fll tflx] *116 ^*HH oj-s. ^2] ^s.6fl 

tfl*H ^^tbr}. £ 5 ^1 £ 10^: ^ £r *fll *(|6 ^oflofl tt)-S. ^ 5^ 5) ^ 

<44> n1^ f £. 5 ofl ^ &\ *fl 1 ^Aloflofl n}^ tf| 3] 

^lBlBl(INVi)^ ^ 7flSl PMOS B^^l^EKMy, M 8 )S. ol^-o^tf. ^Ml^Ml id^S}^, 
^Ei(M 7 )^ h^^1^eKm 8 )^ ^^slJi n ^^o] ol^EidNV:)^ M(V out i) 
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^(VDD)* ^sRf- <£^s)5l B^l^(Mg)^ J=31<?}£: £-f efl^ ^(VSS) 



& o 



(diode-connected)^^ 

<45> o]^]^Y ^Aloflofl^^. °je^ ;£<y-(V in H *H efl^^ nfl H«^(M 7 )7> ^_2.H£H 

*H 33 #-n-7> JiSTj] xgtq-. oiei*V 33 SIhIeKINViW*!^ ik^BS, n 3.7] 

S., ^7} igHS^Rr Al^Vol g-tq-. 

<46> Cf^-, £ 6^- iL^ ^ ^12 ^Al^oll ^ 5)^^ ^BlEi(INVi)^ ^ 7fl^ 

PM0S B€*l^i(M 7 , Ms, Mg)^- 7]5iflAlEKC2)S. ol^^lcf. HS£*l^(M 7 )£l H.^]^ B^3 
^l>iBl(M 8 )^ ^7} ^sjJL ^ ^^^(INVi)^ #^(V 0Ut i)^-B £4. H^Jl B€ 

<^£- S-f ^°*KVSS)^r -§-^Hr ^^Hl ^^I^. B^*l^Ei(M 8 )^ ^> 

°Hxr 7i3j)AlEi(C 2 )7l- ^^Hl, °1 ^Sfl^BKC 2 )^ B^^1^(M 8 )^ 7}^ 7) 5f| ^1 E-| 1-}- «- 
7]- Tl^flAlE-l oll-o] ^^S. ^1^-^^ ^ olcf. ZL^Jl B^^1^(M 8 )^ 7flo|;E£}- 2= 
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"VSS+ |V T h 9 I"(Vth9^ H^^liB^Mg)^ ^ ol*>s afltb^. 

H^l^CMg)^ 711 °1B #<y-°l "VSS+ |V TH9 I" s)^ B€*1^(M 9 )7> €£:3<H 

B^*1^KM 8 )^ 7ll 0 lH ^^7) ufl^-ojcf. ^<y-(v in )°l 3.^- efl 

^ojig e^ia e1 ( M7 )^ ^s\o] o]ttlEKlNVi)^ ^°J-(Vouti)^ *M ^11^ ^cf. °1 

"fl, ^3flAlE-KC 2 )<Hl B^liEKMsJs] ^-Tfl^lH "V ou tl-(VSS+ |V TH9 I)" °1 

^4. zle}ji SsH*1^bKm 7 , M 8 )# ^3 ^7} i^jD^ oi ^ *lfKE °1 

<48> s\3,cq 0^ ^<y-(V in )ol ^>ol ^Vgg. H^S^liEKMy)^ #^ 

Al^Hl B^fl^l^Ei(M 6 )^ TflojH ^ojo^ ^^(c^ofl ^oj-ol ^sqjL H^H 

Tl^AlE^d)* Al^Vol 7) 3lfl A] E] (Ci)°ll #<$2) 3.7}?} ^o}^ - 

514. ZLEi^ H€*1^(M 6 )^ S^Al JlS^ ;£=-0} a7l7 j. ^-o}^ ^ #^ 
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H^a1^eKm 10 )» ^1^1^ ^12 ^^H^ f2t 7>^lcf. 

<H 5Ui=k °H, H^^^EKM 3 )ofl ^*fl <a^Ei(INV 3 )^ #^ €^(V out3 ) o] z>}o] 3)^ 

#^ Sl«g-(V out )°l "VDD- IVthioI"(V T hio^ H^liBKM 10 )^ ^ °1^>7> 5^ H^^]^ 

^(Mi 0 )7l- B^l^BKM 5 )7l- 7 ^°) H^^l^Bi(M 2 )7> 

^M^s, ^sflAiEKCi)^] ##2] a7i» ^7>ai^ ^ ojrf. m-^, H 31*1 ^3 

(M 6 )^ #rf^Al ^^7> TiT^ ^7 0 V Al^>ol ^-o>^ ^ 014. 

2fl£l*>i3 43 ^X\^s^ 7>*]t}. 
<54> TsHl^Ml ^^*>^, S^^^Ei(M 10 )^ H3H*1^E1(M 3 )<21 ^efloj^f e^*] ^ (M 4 )^ i 

i A>°H1 ZL 7flo]H7> B€^l^El(M 5 )^ ^BfltN o^Sjt}. ZL5]J7 

H^liBj(M 10> M 4 )^ %%o] 9}n\B](lM 3 )2) #?3 (V out3 ) JLS £t}. 0)54 £o] ^ f ^3 
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^Aloflij- b^7Hs $3.2) #^ ^<y-(V 0Ut H "VDD- IVthioI" °1*> 7 > ^ 

< 55 > ^ ^13 ^ ^4 ^HHH^ b^1^# §>i4 ^7V^H ^R>* ^l^m*!^, 

<56> j£ goj) i^Efvfl i£tgo} ^ 5 ^Al^^ B€^l^Ei(M 10 , Mn)» ^13 ^*H4 

7}^. 

<57> ^H1^7]l ^^3, H^^l^EKMio, Mn)b H^^l^EKMi, M 2 )^ ^^Ml ^3<>| OX 

cf. ^, H€^l^(Mio)^ *}°] 31 ^^(VDD)^- ^*}tt ^^£]JL 

^l^BKMn)^ ^eflol^ s-f ^(VSS)* ^*Rr *I^H1 ^^^4. 

TflolH^l ^^^cf. ^JI ^^E-KINV!) ^ #^(V 0Ut i)ol B«^B|(Mi, Mi 0 )^ TllolBofl 
<58> olei^ ^5 ^HHHb H^^l^EKMi, M 2 )S B^*l^Ei(M 6 )» ^-S-^ii 

H^l^Ei(M 10> M n )S B^^l^Ei(M 3 ) # ^ 5^. olnfl, E-a^liEl(M 2 )7} ^^51 

7} E}£.B£]fe- B^^liEi(M 3 )7> €^5-1 ^ *1*H1 ^«fl ^£4. ^331, 

(M 3 )7> A]?}*- B^l^(Mio, M11) si a]J:7} #^£lb 
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<59> M. igj-tgo} ^ tJJ^ ^5 AJaH] oflA^ ol ^ ,g_ v±o}*) ^eRr ^3] S)S.ofl tfl<5> 

^ ^^^>a!4. ^3 s\S.^ a}^- ^(differential inputs)^: W 

^£ aI-^-^, oWHtt °lsitr ^*HH tfl*>^ £ lO^g- #2:*H -g^cf. 
<eo> £ io# ^ 6 aJaHH nf^. 3]5.<HH ^I^EidNV!)^ *Vtfl 

<?] ^ ^ls(V int /V in )« °J H<LsL ^cf. *fl6 ^HHHtt °l&|*r Ais(V in , /V in )sL^ 
°] #^ (differential clocksXCLK, /CLK)* Ar-g-*Vtf. ^Hl^Ml 

(INVi)^ #^(CLK)^- <^(V in )<13. H^^l^EKMy)^ #sj(/CLK)^- <y ^ (/v . n) o. s u>i=. 

<£^.s)5l n. ^^o) ^^EidNVx)^ #^(V out i)^.S ^rf. Hi2*l^Ei(M 7 )^ ±.^±r *}°] 31 
1 ^(VDD)^- ^^Rr ^€^1 91^3- H^^^E](M 8 )^ =3)*]-^ 5L-f efl^S ^(VSS)^- 
^^Kr ^^H}. olnfl, #^(CLK)ol £ 3°fl ^E^ ^l^E^INVi)^ <^(V in )°ll tfl 

H^^liEi(M 2 ) ^ TflolH^l 
<6i> o]^*V *j| 6 ^AHloflA^ #^(CLK)^1 S-f eflfol^ B^^liEKM 7 )7> 

iE|(M 8 )7> ^H^H <y^E|(INVi)^ #^o] ^o] Efl^S. ZLE|ZL #^(CLK)<>1 *W 

efl^ol^ H^^l^Ei(M 7 )7> jl S^^l^El(M 8 )7> H^^M ^l^EidNVi)^ ^ 

-f 31^3. ^Cf. 0]^, B^^l^E^My, M 8 )7> ^Ajofl ^JlJELS *\ t\ ( INVxH] 
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<62> o}^\% ^ 6 ^Ajoflofl 14s. ^ o]&|E^|(INV2, INV 3) INV4HI *ll3 i-fl*] 

3-§-*Rr <W<^ S. 11 ^) 5. 12# *Hl ^ 

<64> £ 11^ -g- ^-^o^ ^Al^cHl tCj--^ <*jE] U_ nflH^i S^l ^ 7fl ^3 °1 J£*£°M, £ 

12-^r m ^ *fl8 -I^HH 4€- ^ 5} 5. 5} ^ E}-oln o i £ olcf. 

^-(200), tflolE^ ^^-(300) ^ g.*\ ^^(400)^- IfW. ^HJf(lOO)^ ^4 ^ 

^-(200) ^ 31°^ ^§-Jf(300)ofl ^iL^ *IH ^-^^(300) 

^ *13L°\} ^ &X\ 5)1^(400)^ ^°lEi^i(Yi-Y n )^ ^15:1- ^]7>*l-cf. 

< 66 > ^a> ^Jf^OO)^ 3E*1 ^^(400)^1 *3 w o v ^S *>3)5 ^€ ^V^KXi-Xn,) 

^} ^l^CSi-Sn,)* ^^H^ 917}^. <>]^& ^> ^^^-(200)^ AjiXE eflxl^Ei 
(210), Z\M a]^eK220) ^ ttW230)l: i^ttt}. -*15LB. 31*1^(210)^ ^ ^V^KXi-X,,, 
)^ ^\ ^^KSi-Sm)^ tfl-g-*Hr ^JM 3118 a] EEl (220)5. 31 1 AjHBi 

(220)^ A]HH efl^l ^ (210)5-^ Bjs] a]^o) ^oj- e fl^^ «i3](230) ^ £^1 2flM(400Hl 
-g-^" *r iSllS aIhe efl^l^El (210)^1 ^<y- efl^oi tf|s1(230)M- S^l 

^(400)^ *I<y- efl^azf -S-o^^cq.^ ^5^^- ^ oicf. ^3*1(230)^ &*} sfl^(400)^ 
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< 67 > ^^(200) £ cflolE] ^^.a-ooo)^ a^l ^(400)3 -fj-e| 7l^ofl #7}^ 

AS 5tt^. ^1, ^-¥-(200) ^/S^' cllolEi ^-^(300)1- SA] sfl 

^(400)^ -fi-B} 7}% 3]^ ^-i)-^- ^£ <&°M °1» COGCchip on glass) U-^MeJ-ji 

SEtb ^> ^^(200) cflolE| ^«-(300)^ J£*l 3fl^(400)^ -fi-E| 7l^M 

<68> 0>Eflol)Ai^. £ lloflA-] oflAl^ oflH^i 3£*1 ^A} Jf(200HH A]~g- 

H^ofl tfl<5>^ £ 12* Aj-^^Tll Id^tM}. o] ^ 3] (230) ^V^CXi-X,,,)^ 

<69> a. af|7 *3aHH £ 10*11 M-^^fl S]S°lH ^A> AjJ^Si 

-S,n)7l- <y^(V in )AS S)JL #^(CLK) SE^r #^(/CLK)«=»l <^(/V in )AS *H1 

*>7fl ^*}^, ^>Rd(Xi, X 3) -HI tfl-§-*Rr ^> 4lJUSi, S 3) •••)» °^(V in ) AS ^ 
tJls] ^s^Ai^ #^(/CLK)ol <^(/V in )A3 S|JL, ^>^(x 2t X4, -H ^-§-*Rr ^> ^1 
JL(S 2 , S 4 , -)!- °^(V in )A3 ^ SlS^A^ #^(CLK)ol ^(/V in )lS ^cf. 

<7o> zLei^ £ 12<H1 M-e}^ w}^ ^-01 ^aV aj^csl s 3 , -)7> 3^- ellt*] ^-f^l #^ 
(/CLK)£- s>o] efl^olji ^a> Aj^(s 2 , S 4 , -)7> 3^- efl^oi 3 o-ofl #^'(CLK)^ *H efl^ 
°lJ5.3, ^17 ^HH *m s^s^r £ 10^ s^ssf -§-<H*}7ll ie.-*}- S3 3 

(V in , /V in )^l 5L*f- *}o] gfl^o] ^-f #^^o] acflS -fM^t}. ^, 
(V in )<y Als(Si-S m )7> 3-f 31*1*1 ^-^-^1 °J^(/V in )°l <sH efl^ol SS( ^s.^ 
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< 7i > 43-, 4^ ^i8 4*hh 4^- hi 5*1 35.^14^ ^axn ^a> Ai^(Si-s m )7> «a^(v in ) 

°.S £U 4# ^4 Als(S 2 -S in )7> <geH/V in )°.3. €4. ^4 Al^(Si)* 

°^(v in )^ 4^ h^s] 3^14^ ^a> ai^(s 2 ) 7> <$m/v in )<LsL ^4. ^ 12°fl 444 
44 4°1 ^4 -41i(Si)7> s-f eill^J ^-fofl ^ijl (s 2 )^ 4°1 efltol-e-iiL, ^18 ^Hl 

6\) 4^- tt^ 2]^^ £ 10ofl4 4^4 Hi3] 2)S4 ^^47fl S-f ^(Si)* # 

^44. ^4 43:(S 2 )«- ^^(Vjn)^ 4tt H^ s^H^ ^A> aijks 3 ) 7} 

«a^(/V in ).2.S s)JL, ^4 a]^(S 2 )7> 31*14 ^4 4J* (S 3 )^r 4°1 efltol^s. 

H13J1 33.^ s-f efllS^ ^4 4-£(S 2 )» #344. 

<72> ZLfilJl ^A> AlJr( S2 ) 7 } ^o] ^ 4 ^4 ^lS(S 3 )7> S-f Bfl*!^ £ 10 cq ^ 

5)3.4 *«1*MI 4°1 «3 4Jl» #344. £4, ^4 4Jl(S 2> S 3 )7}- 2.^ 4°1 31 

IS 34, H^ #5]* O.Z$3. 4*144. 

<73> 4^HH14^ PMOS B^l^nl-fr 4-§"4 G l U] 2] ^44^ 

*14, 4 4^ ^HItt nmos H^^I^eII- 4-§-4^ h]31 3 3 <H1.se. ^-g-4 ^ $XSlv] o)o\] 
4€- 4^ 4^444 -g-°14^1 4 ^ 5a ^ 44°l^s °H1 ^4 A3444. 

<74> oia^a^i ^. wv^o] y>^-3]t!: 4^HH cfl^H 4^14711 4^453*14 4^ 43^ 

<=>l-§-4 4^4^ <^si 4^ ^ ?m ^Efl *e4 ^ 4^ ^^ofl ^4^ ?M4. 
[4*33 Jl41 

<75> o)<% 7^0] t^ofl cq^ig, s)S7> 31 <H -^--efl <H ^ o_s. ^44^^. ^ 44 
* i«l ^i^4 ^ &4. a 4 tH 3] 91^^} *m 4^-7> *s 
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XU X]^ XU #<£* ^^Hr XII XI 1 IcH. A>o]6fl ^7l^O.S. XH 

BXl XI 1 ^1Jl7> ^ S3 ^1 ^ XII B€*l^ ( 

>8-7l XI 1 ^sq- -S-71 XI 1 i«4 ^Xl^ XI 2 Xlt^ XI 2 ^^Hr XI 2 

A\o)6\] ^71^^.5. <£^.5)v\ XMBXl <#7] XI 1 ^IJlX" wVtflS]^ efl^-g- 7>^1^ XI 2 
XI 2 B^X^&I , 

#7] XI 1 ic^X] XMB7> #7}^SLS. H 4>7l XI 1 #314 XI 2 IcS. A>ol6fl £7] 

^£.3. ^^fe- XI 3 B^l^iX, 

#7] XI 2 iiS.^ ^-71 XI 2 #31 *}°H #7"|3 O.S. XHBXl <#7) XII ^1S7> 
XI 4 B^^l^^l , 

-8-71 XI 2 i^£Xl Xl<XB7> #7l^^-S. a oM XI 1 #314 #^^r X°H #713 
^^£1^ XI 5 B^l^^l , ZLZ\5L 

#7] XI 1 i^^Xl XMB7} #7]3 o.S ^7l #^#4 ^"71 XI 2 #31 *V°H 

#7l^ o.s. ^^^Jl, XHH^ #7l 4°1°1 XXW€^ ^^.o] ^^s)cX XI 6 B 
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411H 

A oM 42 ^IjHI- <^^} 4l ^IJlI- 4l ^ls7> 43 2n 

[3t^ 3] 

42*<H sa*H^i. 

^7l ^lVHE^, 

A oM ^1 ^-7] ^3 i-c A>o]^ ^71^ o^^Sl^ 4°lH4 A o V 7l 42 ^Jl7> 

4] 

42%H1 9X 6 )*], 

A o V 7l 41 #7l 43 IcE. A>ol<Hl ^7l^O.S 4°1H4 ^71 42 ^]Jl7> 

47 B^l^E], 

^-71 43 42 A>ol6fl &7]^0.3. 4°1H^ ^"71 43 tH 

A>ol4 7^1^ ^.g-oj ^^S)o^ ol^r 48 H^l^ , ZL^Jl 

tq-ol^c c^S]^ o)OD] AJ-7] ^8 E^l iE ]o] 7fl°lB^ ^-7] 42 ^ A>ol4 ^7] 
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5] 

#7l #^#°H 7fl6lH7> #7l *fl5 H^l^t)^ TllolH^- #7l *fl2 ^= A>o] 

6] 

-S-71 t^^l 7flolH7> ^-71 ^3 H^l^E^ ^-7) aft 4 H^S^l^E^ A>o] ofl 

#713 *fl7 H^l^El* 5E^-*Kr 

[3^* 7] 

afllW &<>H, 

#7l #7l Z\}3 H^^l^Ei^ Tflol^ A}o]ofl ^l*] O.3. TlM^l 

#71 *fll #Jl7}- ^^£l^ all 7 E^^liEi , JZSloL 

#71 *fl3 H^^lr^E^ TflolHSf #71 *fl2 A}°H ^713 ^-S 7fl ^ofl 

#71 *fl2 #S7V ^18 Hqfl^l^El 

1- Dl 1^5}^ 

8] 

#71 *fl2 #^17> 7flolH^l #71 afll #-^-4 #7l afll B^liE^ >JMH<*fl 

#713 O.S *fl7 , ZIB^JL 
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[^t 1 * 9] 

[^T 11 * 10] 
[^T 1 * 11] 

^-71 afll ifl*l ^16 PM0S B^^l^B]ol^ a o v 7 i ^ ^j|2 ^ 

ol ^ S-f e11^<y 
12] 

^•71 *fli vfl*l ^16 H^fl^l^B^ NM0S B^^l^EiojD] Aj-7] oi ^ 2 efl'i^r 3. 
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13] 

*111 *fll *fll &7)^°_S. ^sItt *lll H 

#7} efll^f M^tt *)12 elllSS] A2 #<## ^^Kr *ll2 ^7] #33: 

^12 B^l^i , ZL^JL 

^•71 A)2 B^1^&|^1 7flolH2l- #7l ^12 #^H1 A>olofl #7l^ O.^. ^S} 13 ! 7flo]B^l 

^1 ^S.7} ^^£1^ ^13 ^"71 ^1 ^ A\2 H^fl^l^Bil- ^<sRr ^ 

^"71 ^ 3\S-^, 

#7} ^1 ^lS7l- ^"71 *fll efl^<?l ^-f°fl^ A oM *fll H^l^Eil- €^^l7lJl #7) 

A o V 7l ^1Jl7}- #7] *||2 Sll^^l ^-Mfe ^"71 ^13 B^^l^E^ H-8r^l^ A oM ^ sfl 

^± ^^l ^, #71 *fl2 B^l^E^V JfB^B^ ^^51^ #7] ^12 B 

^fl^r^E^ 711 °1H hz.IL^r l-S^Al7lJl ^-71 *fll H^^l^El* H-2-BA| 7^ 
^3] i)B. 

14] 

^13^1 SU^i, 
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^7} *\U "#71 *fll H^l^^l 711 ^}°H1 ^7l^ 0 S ^-71 1 

+±5.7} #7l ^12 efl^^l Tj-f ofl .Ei^S]^ ^4 B€*l^ , n.€\5L 

^7} S^l^E^ 7)}o)^2\- ^,12 ^ A>olo]l ^71^ <£;15£M #7l 

^1J17> #7l *fll efl^ ^^Ml ^15 H^^l^E^ 

1- c-1 3 s.. 

[31 T 1 * 15] 

^114%H1 

#71 ^ 3)5.TT, ^"71 ^14 H^l^ , A o V 7 l *fll H^l^E^ TllolB ^ ^-71 #^ 
oil t£7\7\ #7)^°_g. ^^I^ A}§ H^fi^^Bil- Cl X^Kr SjS. 

161 

^ll4*oHl Sl^H, 

A o V 7l *U *\3L^ ^^^> #7l afll UlcflSl^ Sflt* 7M^ ^2 ^JM #^*} 

^ ^"71 ^12 <£3L7} #^5l^ ^1 #7l *fl5 S^^^E^ TflolS^l $.7)^0_£. <£^5) 

17] 

#7] *Hl A o V 7l ^15 H^l^l^ TllolH AfolcHl xj7l2jO S <£;gSH TflolH^l 

#7l *fll ^]l7f ^^^1^ *116 , H^JI 
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#7l XI 5 B^^^B^ TllolH^ ^>7l Xl2 ^7]^ O.S. <£^S\V] 7]}o]^d\) 

#7] XU HzlQ tiVtflSl^r 31^ 7>X1^ X|2 ^1^7> Xl7 H^^l^Bl 

18] 

XI r# vfl^l X|17fl- ^ %H1 7lxm Sj^., 

^IJl^, XI 1 -JOJ^H JH^l-sH Xl2 ^ #51* ^^Kr Xl2 -t]JL*i, 

^ X| i ^ XI 2 -tls^^l AA <$.?ks\°\ XI l £ XI 2 >^ ^1^1 £i*fl ^i 2 - 

19] 

^ x ^ov^ ^^>^ Xll £41 4 *>°H ^7l^ o.^ <^^£l^ Xll H 

A oM #3 #4 A o v 7) Xll efl^54 ylrflsl^ X12 X12 ^-^Kr Xl2 ^ a> 

ojofl ^71^ AS. XMB^ #7] Tl^A]^^ ^^S]^- X12 H$ 

a^S i&ifl=)*r efl^t-i- 7Wb Xll ^ XI 2 , a o v 7 ] Aijr 7 } #7l Xll 

ellf?! ^^1 #71 Xll 3\ X12 H^fl^l^Ei# AA ^ ^ €3.^1 ?1^ ^ SjS 
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#7] *fll #Jl7> #7l A}1 efllHH #7l A)2 eflfs ^-f^l, #7l ^ 5)5-^, 

#71 ^12 B^l^S] TflolHofl #71 A)2 tfl-§-S}fe ^13 S17HH #71 T]^*) 

€^ ?d°J-^ f^Rr &?\], #7l ^12 H^l^Ei^ 711 °1H IcS.* SS^Mfe #31, 

ZlSlJL #71 afll B^^l^Bll- %1 .2.5*1^ AV 7 ] ^j) 2 B^fl^l^Eil- ^BiS^Al 7l^ ^711^ 
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